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Vacuum flashers-they almost sound made up. Something a 
movie fighter pilot barks about being damaged in a dogfight. Something 
that allows a Delorean to travel through time. 
Outside the movies, however, vacuum flashers are a critical, elemen-
tary part of many applications in the petroleum and chemical industry. 
These devices are nothing more than vessels in which varying atmospheric 
pressure allows products to be distilled from another substance. Vacuum 
distillation prevents decomposition at the point of vaporization, and the 
separation into components yields useful end products or elements that 
can be used in other processes. 
Regardless of the initial substance and the eventual products, vacuum 
flashers are home to a wicked fluid dynamics environment. Liquids and 
gases flowing among one another trigger dramatic fluctuations in pressure 
and velocity-fluctuations we know as turbulence. 
Understanding this turbulence, its impact, and methods of 
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combating it is not only a great research challenge. It will 
also impact the industrial bottom line by both reducing 
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In an effort to come to terms with turbulence, NCSA 
recently completed an extensive project with Shell Oil 
Company. Working under the auspices of NCSA's Private 
Sector Program, a research team modeled a vacuum flash-
er that Shell uses in chemical manufacturing. The team 
used an NCSA massively parallel computational fluid 
dynamics code known as GeniDLEST to capture with 
remarkable precision both the complex geometry of the 
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GeniDLEST software interface. 
vessel and the time-dependent characteristics of the turbulent flows. While 
they were at it, the team set up a Linux computing cluster dedicated to 
Shell computational fluid dynamics research. With standardized software 
that is now part of the Alliance's Cluster-in-a-Box software package and 
off-the-shelf computers, the cluster was up and running in a matter of 
days. 
"We spend a lot of money maintaining commercial tools for our 
research and technical service projects," says Raghu Menon, a Shell 
researcher who has collaborated with NCSA for years and is Shell's 
principal investigator on the application. "But problems like modeling 
time-dependent turbulence accurately and solutions like the new Linux 
cluster require relationships like that with NCSA. This relationship is 
very exciting. The power is apparent." 
pring Access 
Spring Acces 
u 
11 
2 
Streamwise velocity in overhead line without Vibration Reducer 
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Streamwise velocity in overhead line with Vibration Reducer 
Streamwise velocity of the flow in modeled vacuum flasher with and without vibration reducer. 
A solution and a mystery 
Overhead lines carry vapors away from vacuum flashers. 
Researchers believe that the flow in these overhead lines cause 
structural vibrations seen in the units. These vibrations, if 
unmitigated, can cause fatigue failures in the vacuum flashers' 
nozzles and associated piping. 
Much of this vibration can be overcome with what is aptly 
called a vibration reducer. "It's just a pipe with holes in it that 
provides resistance to the flow in the flasher and dampens the 
resonance between the fluid and the flasher at the right fre-
quency," says Danesh Tafti. Tafti was a research scientist at 
NCSA for 10 years before taking a faculty position in the 
mechanical engineering department at Virginia Tech in 2002. 
He continues research for the Alliance, developing GeniDLEST 
for the academic and industrial community at large. 
The team from NCSA and Shell used their model to isolate 
the most energetic modes in the flow. Then the team members 
could see the vibration reducer in action, sup-
pressing these modes and thus allaying vibrations. 
They also found that the vibration reducer signifi-
cantly affects the variation in pressure at points 
in the flow. The difference in pressure between 
two such points is known as a pressure drop. 
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tions, decreases the pressure drop and significantly improves 
the process economics," Menon says. 
The vibration reducer also introduces a mystery. 
Researchers aren't sure how the simple little gadget works. "At 
this point, we don't know the exact mechanism, we only know 
the effects," Tafti says. "It's isolating the exact mechanism 
that we'd like to continue to pursue." 
Also RANS 
Until their work with NCSA, Shell relied on a common compu-
tational fluid dynamics method known as RANS or Reynolds 
Averaged Navier-Stokes. This approach has its benefits. It's 
cheap computationally, and it gives researchers an overall 
understanding of the behavior of the flow rather quickly. It 
does not, however, capture the wildly random, time-dependent 
nature of large-eddy, or very turbulent, flows like those found 
in a vacuum flasher. 
Vertical velocity fluctuations In overhead line without Vibration Reducer 
"The same phenomenon responsible for the 
vibrations also increases the pressure drop 
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through the vacuum flasher. This increased pres-
sure drop is detrimental to the process. It limits 
the capacity and requires additional energy input, 
which increases the company's energy costs. The 
vibration reducer, in addition to suppressing vibra-
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Vertical velocity vibrations in modeled vacuum flasher with and without vibration 
reducer. 
Flow in modeled vacuum flasher without vibration reducer. 
Flow in modeled vacuum flasher with vibration reducer. 
GeniDLEST is designed for just such flows. Instead of time-
averaging the flow and treating it as steady, GeniDLEST solves 
the time-dependent Navier-Stokes equations-which are the 
Rosetta Stone for fluid dynamics, the base equations that 
make possible understanding and modeling a system. The code 
describes the flow at every moment in all its complexity. 
To do this work at the high flow velocities encountered in 
the vacuum flasher, researchers at Shell and NCSA had to use a 
fine-grained mesh that demanded that the calculations be run 
at about 1.6 million points throughout the model vacuum 
flashe(s complex shape. This arrangement was demanding-the 
initial run required about 10,000 hours on NCSA's SGI 
Origin2000 supercomputer-but it showed the team many of 
the aspects of the flow with more precision than ever before. 
"We agreed that this had to be a time-dependent simula-
tion, and that our standard methods wouldn't meet the require-
ments. It was well beyond our current capabilities and what we 
do typically," Menon says. 
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Made to order in less than a week 
The model has already shown researchers many of the flow's 
characteristics-that it is marked by large velocity and pressure 
fluctuations with a dominant frequency and that introducing a 
vibration reducer significantly calms that dominant vibration. 
Nonetheless, Shell researchers would like to know a lot more. 
To that end, Jeremy Enos, part of the NCSA team, helped install 
an eight-processor Linux computing cluster at a Shell research 
facility in Houston in January 2001. The Shell team plans to 
expand the cluster and install the Alliance's GeniDLEST soft-
ware in 2002. 
Getting the cluster up and running in less than a week 
was possible only because of OSCAR, the Open Source Cluster 
Application Resources. This suite of tools and software has 
everything needed to install, maintain, and use a modest-sized 
Linux cluster. OSCAR is now a part of the Alliance's larger 
Cluster-in-a-Box software package. 
"Danesh and Raghu have been talking about this for 
years," says Sundaresan Bala, who managed Shell's relationship 
with NCSA until his recent retirement. "When the time came to 
update our in-house computational fluid dynamics capability, 
they saw an opportunity, and they took it. Now we have a 
cheap, easily installed system and the room to grow. With this 
system and our other eight or so clusters in other groups at 
Shell, PC Linux clusters are an important part of our high-
performance computing strategy." 
Access Online http:/ jaccess.ncsa.uiuc.edu/CoverStoriesjgenidlestj 
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Early and accurate diagnoses and evaluations of medical conditions can save 
lives, money, time, and a whole lot of stress on patients and their families. Yet diagnosis 
and evaluation often depend on circumstances that have nothing to do with a patient's 
medical condition. Circumstances such as where a patient lives and what medical spedal-
ists are available in that area suggest that a person's zip code can be a good indicator of 
the quality of his or her medical care. 
For example, dysphagia, or difficulty in swallowing, afflicts several hundred thousand 
people each year including the elderly, premature babies, stroke and cancer patients, and 
people with neurological disorders. Undiagnosed dysphagia can lead to respiratory prob-
lems, including life-threatening pneumonia caused by food or liquid in the lungs, and to 
malnutrition, which slows recovery from illness. Dysphagia can occur anywhere between 
the lips and the stomach. Oropharyngeal dysphagia, which results from mouth or throat 
problems, is generally diagnosed and treated by speech-language pathologists who have 
special expertise in this area. 
Despite a large number of oropharyngeal dysphagia patients, many rural and small 
community hospitals have no experts on staff qualified to diagnose the condition. Some 
states with large rural areas have no more than a handful of dysphagia experts, mostly 
concentrated in larger dties. Unequal care levels depend on whether or not you are lucky 
enough to have the right medical professionals nearby. 
Adrienne Perlman, a professor in the department of speech and hearing science at 
the University of Illinois at Urbana-Champaign, has studied, diagnosed, and treated dys-
phagia for 20 years. She recalls treating patients at a regional hospital in Iowa. 
"The patients would often travel three, even four hours, to see me, sometimes by 
ambulance because they were so sick" says Perlman. "They would be exhausted by the 
time they'd see me. I remember thinking 'there's got to be a better way to do this:" 
Solving a diagnostic dilemma 
Perlman eventually came upon a possible solution to her diagnostic dilemma: evaluating 
patients with dysphagia through remote, real-time medical assessments conducted over 
broadband Internet connections. As part of the NCSA/UIUC Faculty Fellows Program, 
Perlman has spent the past two years developing a method for capturing and transmitting 
high-quality video data from the fluoroscopic examinations that are used to assess a 
patient's swallowing. Such a system, she hopes, will make real-time remote assessment of 
fluoroscopy exams a common practice. 
"We are testing the system with videofluoroscopic examinations of the oral and pha-
ryngeal stages of the swallow in patients with dysphagia, but the system could be used 
for assessments in other areas of medicine," she says. "It is simply a system for interac-
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tive, real-time assessment of video images." 
Weerasak Witthawaskul, a doctoral student in computer sci-
ence at the U of I and Perlman's research assistant, and NCSA 
staff assisted Perlman by creating a Java-based interface that 
allows a desktop computer in a hospital X-ray suite to communi-
cate with a similar computer in Perlman's laboratory on the 
U of I campus. This system allows Perlman to control the hospi-
tal-based PC from her lab and provides an interface for examin-
ing high-resolution MPEG versions of the videofluoroscopic 
images taken at the hospital. 
"The process is completely controlled from the computer in our lab" explains 
Perlman. "All the technician at the hospital has to do is turn on the comput-
er in the X-ray suite." 
Following the examination, Perlman is able to observe the swallow at 
full speed, in slow motion, or frame by frame on her laboratory computer. 
Moreover, she has the expertise to analyze the test data more precisely than 
most hospital clinics or labs. While staff at most clinics or labs can look 
at fluoroscopic images and determine whether cartilage, bone, or other 
structures move during the swallowing process, Perlman can measure 
displacement-how much and how long a structure moves and whether 
the movement is more or less pronounced than in previous exams. 
Displacement measurements can help determine both whether a 
dysphagia patient is recovering and the rate of recovery. 
Testing the prototype 
Videofluoroscopy with remote assessment is a relatively simple process that 
involves two major components. The first is a server PC equipped with video 
encoding hardware, located in the hospital X-ray suite. For the prototype 
system developed by Perlman and Witthawaskul, a 300-MHz Pentium com-
puter was located in the X-ray suite at Carle Hospital in Urbana, IL. A 700-
MHz Pentium computer, called the control and analysis computer, was locat-
ed in Perlman's lab, about a mile from the hospital. The two machines were 
connected via the hospital's T1 Internet connection at a maximum speed of 
1.5 megabits per second. Perlman, the dysphagia expert, directed the fluo-
roscopy exam from her lab, communicating with the hospital radiologist and 
the patient via a simple speakerphone connection. To operate Perlman's sys-
tem, the hospital's radiologist merely turns on the server computer, then 
conducts a routine fluoroscopy exam. No special expertise is needed. 
The examination takes place while the patient swallows a small amount 
of barium solution, which allows the fluoroscope to view the movement of 
the barium and of various structures in the mouth and throat. The fluoro-
scopic image is about as close as humans come to having X-ray vision. Skin 
and hair are transparent, while the skull and other bones, cartilage, and hol-
low tissues such as the esophagus and windpipe, are clearly visible. As the 
patient swallows, it is relatively easy to follow what happens. The hospital-
based PC digitizes the videofluoroscopic images into an MPEG format and 
records the patient's swallowing activity in the highest resolution possible. 
Meanwhile, the video data are transmitted in real time to the control and 
analysis computer in Perlman's lab. 
According to Perlman, the image quality during real-time transmission is 
adequate for directing the procedure, but does not offer the level of detail 
that she prefers for diagnosis. Real-time transmissions' low resolution results 
from the relatively limited bandwidth between the hospital and the lab. 
During the examination, the control computer in Perlman's lab obtains 
and displays the video data in real time with only a three- to five-second 
delay-not enough to affect Perlman's ability to direct the procedure or 
cause undue radiation exposure to the patient. After the examination is 
completed, high-resolution fluoroscopic images, which were stored on the 
hospital computer during the examination, are transferred to Perlman's labo-
ratory for complete analysis. Using these high-resolution images, Perlman is 
then able to look at the data frame by frame, search the video for specific 
frames, and adjust the brightness and contrast to better examine the data. 
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Ending the tyranny of distance 
Perlman's system could bring great change to medical establishments. 
Nursing home patients, who often arrive exhausted after traveling long 
distances for fluoroscopy exams, could avoid tiring travel and the 
expense of an ambulance. People fighting other illnesses or weakened 
from radiation treatments could receive expert medical assessments in 
their hometowns. Exams generally not offered at small and rural hospitals 
today-from assessments of swallowing functions to endoscopy, which 
evaluates structures such as the larynx, the esophagus, and the colon-
could be easily available to patients who live hundreds or even thou-
sands of miles from a major hospital. A person's zip code might no 
longer indicate the quality of medical care. 
Perlman has high hopes for the system and is continuing her work 
with NCSA to upgrade the computer interface, improve the quality of the 
video from MPEG-1 to MPEG-2, and design a sophisticated security sys-
tem that guarantees patient confidentiality. Eventually Perlman hopes to 
create a dysphagia portal and databank that would give researchers, edu-
cators, and clinicians worldwide access to dysphagia data. She sees the 
portal developing as a virtual workspace for swallowing experts where 
they will be able to collaborate with colleagues, discuss unique cases, 
examine data from around the world, and follow specific cases for 
months or years. 
"What we've done so far is prove that this system can work," she 
says. "It is a service to the community and could be developed as a grid-
based medical application." 
This research is supported by the NCSA/UIUC Faculty Fellows program. 
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Alliance supercomputers. 
"A child gets interested in light at an early age when she sees 
the first rainbow, or views a colorful spectrum created by diffrac-
tion through beveled glass, or burns paper by focusing sunlight 
through a magnifying glass. You always wonder about the myste-
rious ways light works. We are a bunch of big kids still playing 
with light to see how we can use pure light to society's benefit." 
Jyotirmoy Mazumder displays a deceptively childlike delight 
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Trial and error made obsolete 
Laser drilling, the removal of metal from a material to create a 
through-hole, is easily automated for speed and accuracy. This 
fact makes it an excellent tool for manufacturers looking for 
increased productivity and quality. 
Laser welding is the joining of target materials through the 
conduction and radiation of absorbed laser energy. This process 
is faster than conventional 
welding and yields a more 
attractive finished appear-
ance. 
The current problem with 
both laser drilling and laser 
welding is that manufacturers 
often depend on trial and 
error to develop optimum 
processes. The main objective 
of the CLAIM scientists' 
in studying the pure, 
focused light of lasers. 
However, this "big kid" has 
a very grown-up mission. 
Laser drilling and welding 
are quickly replacing tradi-
tional methods of materials 
processing. The market for 
laser manufacturing con-
stantly increases as new 
applications and technologi-
cal advances give it 
increased potential for 
Jyotirmoy Mazumder, Pravansu S. Mohanty, and Hyungson Ki, 
Center for Laser-Aided Intelligent Manufacturing. work is applying atomic-level 
efficiency. 
The problem is that laser processing is physically complex. 
During manufacturing, the material evolves through phases-
liquid, solid, vapor, and plasma. Mazumder and his co-workers, 
Hyungson Ki and Pravansu S. Mohanty, of the Center for Laser-
Aided Intelligent Manufacturing (CLAIM) at the University of 
Michigan, are studying the development of the phases to help 
streamline laser drilling and welding. They rely not only on their 
collective knowledge of physics, mechanical engineering, and 
materials science, but also on NCSA's Origin2000 supercomputer. 
The February 2002 issue of The Journal of Laser Applications fea-
tures an article by the CLAIM team describing the results of their 
studies. 
knowledge to materials pro-
cessing and thereby reducing development time from concept 
to product. 
Ki expresses enthusiasm and high hopes for the project, 
"I am so lucky studying one of the most exciting and challenging 
areas: laser materials interaction. Our goal is to understand the 
underlying physics thoroughly and, therefore, to fully realize the 
potential of lasers as the best manufacturing method." 
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Simulation of the weld pool shape after a full-penetration laser keyhole weld. 
Unstable geometries 
The CLAIM team employs a multidisciplinary approach in 
studying laser processing. Depending on the laser power, 
the target material in question can become extremely hot. 
The temperature can cause the form of the material to 
range between solid, melting, vaporizing, and boiling. 
These changes require an understanding of fluid flow and 
heat transfer. The scientists rely heavily on mechanical 
engineering to study these phenomena. However, other dis-
ciplines are critical to their research. They must understand 
temperature physics, the physics of plasma formation and 
laser-plasma interaction, and the microstructure of the weld 
through materials science. 
After team members construct a theoretical under-
standing of the sciences involved, they develop computa-
tional models of two types of laser processing. The first is a 
simulation of laser drilling. The model includes fluid flow 
and heat transfer. Detailed knowledge of these phenomena 
is particularly vital to manufacturers because the processes 
can produce changes in the geometry of the through-hole 
and the finished product. 
The second type of simulation is a computational 
model of laser keyhole welding. During the welding process, 
the high-energy density of the laser beam forms a keyhole, 
---
or vapor-filled cavity. The keyhole maximizes the energy 
spent by allowing a deep, narrow weld. However, the cavity 
is highly unstable, making it difficult to accurately simulate 
the keyhole's evolution. CLAIM's new laser welding model 
achieves accuracy by fully solving fluid flow, heat transfer, 
melting, and solidification. Their model accounts for 
changes in surface tension and fluid motion due to temper-
ature variations and for factors in the pressure difference 
between the keyhole walls. The new knowledge of the ways 
these forces interact will allow manufacturers to optimize 
their laser processing capabilities. 
This is not the first attempt to understand the nature 
of both laser drilling and laser keyhole welding. Most of the 
previous models assumed predefined hole shapes to make 
the problems simpler. The keyhole, however, is too dynamic 
to be calculated as a fixed object. The CLAIM team's study 
places no restrictions on the keyhole geometry. Instead, the 
cavity evolves as the consequence of other associated 
physics. The new model also demonstrates full laser pene-
tration of the target material and multiple reflections within 
the keyhole. Every one of these processes plays a critical 
role in laser keyhole welding. Therefore, CLAIM's model is 
less susceptible to the unrealistic predictions of previous 
oversimplified models. 
--
Simulated 
temperature 
variations 
during a full-
penetration 
laser keyhole 
weld. 
Photo of weld pool after 
full-penetration laser 
keyhole weld. 
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The simulations run on NCSA's Origin2000 platform. To date, the pro-
ject has required 65,000 hours of supercomputing resources. 
Through the keyhole 
When the team finishes creating a welding model, they verify its accuracy 
against pictures taken of real Laser welding in action. The scientists use a 
C02 Laser beam as a heat source. During the Laser welding process, an 
argon-ion Laser beam illuminates the weld pool surface. They install a dif-
fuser plate directly in front of the argon-ion Laser so that the Laser beam 
passes more evenly, greatly improving images of the molten surface. 
Reflected images of the surface from the argon-ion Laser beam pass 
through another filter Located in front of a high-speed camera. A high-per-
formance image-grabbing board in a computer acquires the images. Next, 
image analysis software processes it. The images appear on the computer 
screen and provide the team with information on the weld geometry and 
melt flow velocity. Due to the instability of the weld area, the experiment 
is repeated ten times and results are averaged. The images prove that the 
models designed by the team reasonably match the actual process of Laser 
welding. 
The process allows the CLAIM team to help shape Lasers' impact on 
manufacturing. The newly gained scientific knowledge and the team's 
models of Laser drilling and welding will help the industry better predict 
the effects of various process parameters. Their contributions will also 
eliminate mistakes, thereby reducing scrap and producing higher quality 
end products. 
Mazumder's own words best capture the big picture of Laser potential: 
"Civilization is often identified with a form of energy. Wind power started 
navigation. Steam power started the Industrial Revolution. What is around 
the corner for the Laser Light?" 
This research is supported by the Office of Naval Research and General Motors. 
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Chabazite is a rare mineral with a beauty that 
makes it a rock collectors' favorite. Creamy colored or pinkish with 
a vitreous sheen, it is pressed into nearly cubic crystals when vol-
canic rocks are subjected to the heat and pressures of metamorpho-
sis. 
Although chabazite Looks impressively solid sitting on a 
coffee table, on the atomic Level it has properties possessed by all 
zeolites-it's full of holes. Zeolites, a class of natural and synthetic 
minerals possessing Large, vacant spaces in their crystalline struc-
ture, provide tunnels and hideouts for such atoms as potassium, 
sodium, and calcium and even for molecules Like water and ammo-
nia. This property makes zeolites useful for things such as water 
purification and softening, removing radioactivity from spent 
nuclear fuel, and controlling kitty Litter odor. 
The cavities in a zeolite's structure also help explain its effec-
tiveness as a catalyst. A catalyst is a substance, in this case an 
acidic solid, that facilitates chemical reactions without itself being 
changed. Not much is currently known about these zeolite caves on 
the atomic Level, including how they interact with the atoms that 
enter their passages. Successful spelunking here could have ramifi-
cations far beyond the contentment of the household cat. 
"Zeolites are rather Large, complex systems. They're analogous 
to enzymes," says David White, a chemistry professor at the 
University of Pennsylvania. "The big question is: What kind of 
chemistry goes on in small cavities?" Because cells also contain 
complex networks of cavities, a better understanding of the 
chemistry of zeolites could reveal much about the chemistry of 
biological systems. 
Bernhardt Trout, professor of chemical engineering at the 
Massachusetts Institute of Technology, White, and other collabora-
tors are using the Alliance's SGI Origin2000 supercomputer at NCSA 
to simulate catalysis computationally. They chose chabazite as their 
archetype zeolite because it's used in industry to convert methanol 
to olefins. Despite having rather complex zeolitic systems, 
chabazite is small enough (only 36 atoms) to be successfully mod-
eled by supercomputers, yet big enough to yield important infor-
mation. 
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Snapshots from a Car-Parrinetlo molecular dynamics simu-
lation at 150 K depicting HCl adsorbed on a model ice sur-
face at 0, 0.17, and 0.43 picoseconds. The top configura-
tion (at 0 ps) corresponds to the optimized geometry of 
molecular HCl on ice. Only the top bilayer of the ice model 
is shown in each frame. 
Trout is also using the Origin2000 to study both catalytic behavior 
relevant to the catalysts used in cars' catalytic converters and the chem-
istry of ice crystals. Understanding how ice in the stratosphere reacts 
with other compounds could offer insights into ozone depletion and how 
to prevent it. 
Simulations surprise 
Trout came to Alliance resources with specific questions in mind. In less 
than a year he had already obtained a key-albeit preliminary-finding. 
Chabazite has four different oxygen sites and, consequently, four 
different acid sites available for absorbing other molecules. Scientists 
previously thought these various acid sites had substantially different 
energetics-in other words, that the energy required for chemical reac-
tions varied. This assumption suggested that the four sites could differ 
greatly in their chemical activity. 
But simulations on the Origin2000 have so far revealed quite the 
opposite. Among the four sites, the energetics for catalytic activity is the 
same, Trout says. 
"[Zeolite chemistry] can be very fascinating," says White, whose 
research group designed experiments to check the validity of Trout's com-
puter simulations with chabazite. "If the supercomputer is important to 
us, it's because it can be predictive." 
He adds: "Much of the calculation in chemistry is not really predic-
tive, so experiments are done to get a model. But physicists can do 
that-they predict when the earth is going to end, and we sit here, 
waiting. Chemists have not been able to do this, because chemical 
systems are, in a way, much more complex." 
Reducing auto emissions 
Although Trout's work has focused on the chemistry of zeolites, he's 
quatitatively studying other important catalysts as well. In a joint project 
with the Ford Motor Company, Trout has been using computational catal-
ysis to see whether sulfur resistant catalysts in cars' catalytic converters 
can be developed for lean-running engines. 
A lean engine runs with a high air-to-fuel ratio, or an excess of 
oxygen (02). "Lean in general is a good thing because you get more 
efficiency," Trout says. "If you can get more efficiency, you decrease 
emissions in addition to saving money on fuel." 
A new and potentially promising catalyst for lean-running engines is 
composed of platinum and barium oxide (BaO). Unfortunately, a BaO 
catalyst cannot be used today because, under lean conditions, the sulfur 
present in gasoline oxidizes on the catalyst's platinum to produce sulfur 
trioxide (S03). This byproduct then poisons the BaO, rendering the 
whole catalytic material useless for absorbing the nitrogen oxide (NOx) 
emissions in air pollution. 
But, there might be a way to design catalysts that resist damage 
from sulfur. "We're on our way to computing about 100 configurations" 
for automobile catalysts, Trout says. "We have the energetics, and we're 
working on kinetics of the so2 oxidation reaction." 
The Trout research group in front of Mirs Killian Court. 
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Probing the ozone hole 
In collaboration with Mario J. Molina, an institute professor also at MIT, 
Trout is using Alliance computational power to explore how chemical 
reactions occur on the ice crystals of stratospheric clouds. 
That the subject is under study at all is noteworthy. Until the 
1980s, chemists thought that ice was chemically inert-that when 
dilute solutions froze, pure ice crystals grew and the impurities 
remained largely in the liquid phase. But work by Molina and others 
suggested that ice has a layer of disorder on its surface that engages in 
chemical reactions. 
"I stay away from the word 'melting;" Trout comments about this 
layer because melting implies the conversion from a solid to a liquid. 
''This is just the interfacial region. In an ice cube in water, you see the 
ice, you see the water. There's a region between the two that looks 
rigid to the eye, but it isn't so rigid." 
While everyone now agrees that ice-including the ice crystals in 
clouds-participates in chemical reactions that contribute to ozone 
depletion, the mechanisms involved remain controversial. Trout specu-
lates that one particularly active site on ice may explain activity with-
out resorting to the disordered-region hypothesis. In other words, 
focusing on disorder on the surface of ice may not be needed; a per-
fectly ordered region may explain this chemistry. If confirmed, that 
would be a fascinating new finding. 
"From what we've been working on, we don't have something to 
solve the ozone [depletion] problem, but then no one else does either, 
so we try not to feel too bad about that," Trout allows. But, he adds, 
someday computational catalysis may help us "know better the conse-
quences of what humans produce and make informed on decisions 
about what we are sending up there [into the ozone layer]." 
In the meantime, computational catalysis has already proven its 
power as a new instrument for helping scientists understand a wide 
variety of important chemical behaviors at the molecular level. "We 
[theorists] don't work on a thing that can't be validated," Trout 
explains. But "the Level of detail we can get with computers is not pos-
sible in the Laboratory." 
This research is supported by the National Science Foundation, Ford Motor 
Company, and NASA. 
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A contentious but common part of many education reform plans, 
vouchers help parents pay private school tuition using municipal, 
state, or federal funds. Advocates say vouchers give parents the 
opportunity to educate their children as they see fit and force pub-
Lic schools to improve by introducing competition for funding. 
Opponents contend that voucher plans jeopardize a fundamental 
public good of offering everyone high-quality public schooling; the 
dollars given to vouchers are dollars Lost for strapped public 
schools. 
To complete her dissertation at the University of Wisconsin, 
Maria Ferreyra, a PhD candidate in economics, explored the behav-
ior of city dwellers as they chose their houses, neighborhoods, and 
public, private, or Catholic schools. With the Alliance Condor flock 
at the University of Wisconsin and an economic model developed 
by Duke University's Tom Nechyba, she analyzed the ways in which 
introducing school voucher programs in the nation's 20 Largest 
cities might influence where people live, how they spend their 
money, and what schools they send their children to. 
"Currently, many households opt out of the public school sys-
tem to send their children to private schools," Ferreyra says. "These 
households pay tuition in addition to the property taxes used to 
support Local public schools. There are also many households that 
would prefer private schools but face financial constraints that 
restrict them to public schools." 
Voucher programs are scarce, which makes judging their effects 
and plotting their future difficult. Only Milwaukee, Cleveland, and 
the state of Florida have test programs, according to a December 
2001 report by Education Week, and all are nascent, small-scale 
efforts. Ferreyra's work is neither a red light nor a green light. It is, 
however, an excellent tool for answering questions about potential 
Large-scale voucher programs that haven't been implemented to 
date. 
How does ;t work? 
To answer these questions, Ferreyra used what is known as a gener-
al equilibrium model to isolate the system's main agents. In 
Ferreyra's case, agents included families, schools, school districts, 
and the state government. Mathematical equations represent what 
these agents are seeking, under what circumstances they will pur-
sue those goals, and how one agent's pursuit influences another's 
situation. 
The thorny equation that determines a family's behavior, for 
example, includes varying interest in school quality, housing quali-
ty, schools' religious orientations, and consumption of all other 
goods. This equation is known as their utility function. Another 
equation represents families' budgetary constraints. Families' actions 
are ruled by their attempts to get the most of each aspect of the 
utility function within their budget. If they have a high desire for a 
good public school, they'Ll forgo a better house in a Lesser school 
district. If they want a Catholic school, they'LL put money into that 
instead of a mansion. If vouchers are available, a family may not 
have to worry about the school district they're in when house 
shopping. 
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Another equation determines school quality, which is a func-
tion of peer quality and dollars spent per student. These factors are, 
in turn, determined by other, ever-changing factors. In this simpli-
fied model, peer quality equals the average income of families 
whose kids attend the school, and public schools' spending is fund-
ed with property taxes, which the districts' families vote on. 
Until each family finds its perfect situation and the housing 
markets settle-until the model reaches equilibrium-the families 
are on the move. And the computer model chugs away, tracking the 
fantastic interplay among the various equations. 
"Imagine you dropped the cities' citizens from an airplane," 
Ferreyra says. "The wealthy who don't have an interest in religious 
education all move to the district with the best housing, and, 
because public-school spending depends partly on property taxes, 
they end up with public schools that spend the most per student. 
In the meantime, other people are trying to find the best place for 
themselves. Most people will not be happy where they Land. And 
everyone is voting on taxes and changing the nature of all the dis-
tricts and their public schools." 
It's not just a matter of people finding their place; they're 
changing the nature of the place as they go. "The only thing 
that stays constant is housing quality. Everything else is moving 
parts," Ferreyra explains. "This is precisely why we want a general 
equilibrium model. It allows us to Look at different markets-the 
housing and schools markets, in this case-and how they change 
as people move, choose schools, and vote on property taxes. With 
the model, we get to see how the markets change when a Large 
fraction of families are involved-unlike current real-world pro-
grams, which happen at a much smaller scale." 
What ;s it based on? 
The model provides a plausible depiction of reality through the pre-
viously described equations, representing families, schools, districts, 
and states. Some data for these equations are provided. The data 
establish things Like the income distribution among families in each 
of the 20 cities Ferreyra looked at, the number of Catholic families, 
housing quality in the different neighborhoods and districts, and 
how much money per student the state gives to public schools. For 
this information, Ferreyra relied on several sources including the 
1990 census, a general social survey that tracks religious prefer-
ences, and a guide to school district spending. 
Other parameters of the equations are missing. Some of them 
correspond to more ethereal traits that drive families-how much a 
family values a religious education or how much they value house 
quality. Ferreyra's task was first to quantify these traits. 
To determine the values, Ferreyra tried thousands of sets of 
plausible hypothetical parameter values, running the model of each 
city to equilibrium for each set of values. The data that came out 
after the model reached equilibrium included new figures for prop-
erty values, school spending, and income-as well as some data 
that were not provided, such as the number of students in private 
nonreligious schools and the number of students in Catholic 
schools. 
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Ferreyra compared these data to real-
world statistical data 
to determine the quality of the hypothetical 
values she had 
inserted to represent the parameters. 
Choosing values that yielded equilibrium 
conditions that best matched the real-world 
data, this process gave her a glimpse of 
families' thinking and the situations that 
produced varying levels of school quality. Maria Ferreyra, 
University of Wisconsin. 
Then, using those optimal values, she added features to the 
model to examine the same economic system, now with vouchers. 
Having already quantified the unknown parameters, she could be 
confident that the resulting picture of families using vouchers 
would be accurate. 
Ferreyra's model is the progeny of a model built in the mid-
1990s by Tom Nechyba. Nechyba began the model as part of his 
dissertation at the University of Rochester, introducing schools to 
the mix later. Ferreyra added the functions that track families' reli-
gious interest, represent the distinction between Catholic and non-
religious private schools, and incorporate vouchers. 
These additions are significant because 
of the prominence of religious schools. According to Ferreyra, 
about 85 percent of enrollment in private schools in grades 9 
through 12 is in religious schools. About 60 percent of that enroll-
ment is in Catholic schools alone. 
"Maria fleshes out that it's not all about peer quality or dollars 
or a school quality hierarchy. Yes you care about peers, yes money, 
but many also care about religion. And they care about all these 
things to varying degrees," says Nechyba, now an associate profes-
sor of economics and public policy studies at Duke University. 
Ferreyra also estimated the model instead of simply calibrating 
it. Calibrating would have involved looking at a single city. It 
would have still allowed her to derive optimal values for the 
model's parameters and to compare the values' implications to real-
world statistics, but it would have also lacked scope. By estimating 
the model and looking at 20 cities, she proved the reliability of the 
model in a more general way. 
"In estimating," Ferreyra says, "you use more data, search 
more exhaustively for the optimal parameter values, and provide a 
measure of how good the final parameter values are. You get a 
much broader sense of quality. And since those values are used to 
simulate voucher experiments, we want to ensure their quality as 
much as we can." 
Why does it require Condor? 
A run of the model is not as taxing as many classical supercomput-
ing tasks. Running a set of parameter values to equilibrium for all 
20 cities requires only about 20 minutes on one of the machines in 
the University of Wisconsin's Condor flock, which pools the power 
of desktop workstations and Linux clusters across Wisconsin's cam-
pus. 
But Ferreyra, with the help of Condor team members including 
Peter Keller and Zach Miller, ran the model about 50,000 times to 
find the optimal parameter values, using as many as 200 proces-
sors at the same time. This computation took about a week, and, 
by the time Ferreyra was finished testing the model and working 
the bugs out, she had run the model about 15 times. Working on a 
single-processor desktop computer, the computations would have 
taken about 24 years, according to Keller. 
"This is a classical Condor application-a very large number of 
independent computations that explore a parameter space. Condor 
provides the resources and management capabilities needed to 
support studies like this," says Miron Livny, a computer science 
professor at Wisconsin, head of the Condor project, and leader of 
the Alliance's Partnerships for Advanced Computational Services. 
After estimating the 20-city model, Ferreyra simulated the 
impact of vouchers in metro Chicago. She found that families using 
vouchers migrated to neighborhoods with lower housing quality, 
that vouchers usable at both Catholic and nonreligious private 
schools increased enrollment in both types of schools, that vouch-
ers restricted to nonreligious private schools caused a smaller 
increase in private school enrollment, and that, in systems where 
use was restricted to nonreligious schools, enrollment in Catholic 
schools declined as the dollar amount of vouchers increased. She 
also found that low voucher levels of around $2,000 per year 
helped mostly the middle class, but higher voucher levels aided 
both the poorer and the richer as well. Finally, she discovered that 
public schools can be positively or negatively affected, depending 
upon the school district they are in. 
These early insights are not the only upside to this extensive 
modeling project, though. 
"A problem like this is very hard to analyze without a general 
equilibrium model like this one," says Nechyba, "and without com-
puting resources [like Condor]. As we have successes like Maria's, a 
larger number of problems are recognized as benefiting from a gen-
eral equilibrium approach, and we can expand the approach to new 
ideas. Projects like this help persuade others that this is one very 
useful way of thinking about the world." 
This research is supported by the University of Wisconsin Department of 
Economics and the Roback Award in Empirical Economics. 
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